In this paper, I evaluate patterns of concentration in the Gulf of Mexico oil and gas industry, one of the most important sectors for US production over the past few decades. In the 1990s, production in the Gulf was quite concentrated, and was dominated by large oil companies. But over the past decade or so this concentration has eroded, with recent levels consistent with an unconcentrated industry. These patterns apply for drilling and leasing as well, and are relevant to both shallow and deep water. The overall picture is an industry with strong competition for leases, drilling and production.
INTRODUCTION
During his illustrious career, Morris Adelman devoted considerable time and energy to thinking about the structure of oil markets, at both the international and national level. 1 A recurring theme in these analyses is the evolution of the oil market, and in particular the tendency towards greater competition over time. 2 As an illustration, Adelman (1977, pp. 1-2) notes that the share of the global oil market attributable to the four largest oil companies fell by nearly 20% between 1950 and 1969. Contemporary public policy was less optimistic about the trend towards greater competition; for example, the staff of the FTC described the petroleum industry as "characterized by high barriers to entry" (Erickson, 1977, p. 55) .
The question of the potential impact of market power and concentration does not just apply to oil and gas production. To the extent that local or regional markets are characterized by high concentration, this can have implications for input markets. Adelman (1972, p. 201) anticipated this possibility, when he observed in reference to the oil service industry that " [t] he offshore drilling industry is perhaps the biggest single part of the complex." In this regard, a particularly important market segment for offshore oil and gas is the Gulf of Mexico: As Figure 1 illustrates, crude oil production from federal leases in the Gulf of Mexico has accounted for 15 and 30% of domestic US production over the past 20 years. 3 And while the share of US production attributable to the
Figure 1: The role of Gulf of Mexico Crude Oil Production
4. See Brown et al. (2014) for a discussion of the mis-match between the new tight oil supplies and present US refinery configurations.
5. For discussion of the Seven Sisters, see Mason (2014) ; Yergin (2011) . The firms in the original Seven Sisters were Standard Oil of California (i.e., Chevron), Texaco, BP, Gulf Oil, Royal Dutch Shell, Standard Oil of New Jersey (i.e., Exxon) and Standard Oil Company of New York (i.e., Mobil). Those firms that participated in the Gulf of Mexico during the past 20 years are Chevron, Texaco, BP, Shell, Exxon and Mobil; the first two have combined into the ChevronTexaco corporation, while the last two have combined into ExxonMobil.
Gulf of Mexico has fallen off in the past few years, its role remains important: this reduced share is almost surely the result of the recent boom in tight oil production, which is particularly light. Since US refineries are geared to process heavier crude slates, this new source of crude has to be blended with heavier crude, the most economic source thereof comes from the Gulf of Mexico. 4 A second theme found in Adelman's work relates to the recurring push to capture oil companies' profits, either via a windfall profits tax or a move to force divestiture (Adelman, , 1977 . In his view, such efforts are ill-directed, in part because of the general trends towards increasing competition. Echoes of these issues are also present in the Gulf of Mexico oil and gas industry. There the share of output attributable to the so-called "Seven Sisters," firms that crafted the collusive Achnacarry agreement nearly 90 years ago, has fallen sharply over the past 20 years. 5 Early on, firms that were part of the Seven Sisters controlled a considerable fraction of oil production, in both shallow and deep water. The shares attributable to these firms in 1996 were roughly 50% in shallow water, and slightly more than 80% in deep water. However, these shares had eroded markedly by 2014, falling to about 20% in shallow water and 55% in deep water. The story is quite similar for gas. The upshot is that over time, the significance of these major oil and gas companies has diminished in the Gulf of Mexico, consistent with the overall portrait of emerging competition.
In this paper I flesh out these impressions, providing calculations of concentration statistics for multiple metrics of importance to the oil and gas industry in the Gulf of Mexico. I start by
Figure 3: Gulf of Mexico Crude Oil Production
Referring back to Figure 1 , this increase came at a time when total US production was declining fairly rapidly, underscoring the significance of the Gulf. The importance of Gulf of Mexico resources is also indicated by a comparison of the fraction of US production attributable to this basin. As with reserves, this fraction increased markedly after the mid-1990s, reaching roughly 20% by the early part of this century. It is also noteworthy that the fraction of US production arising from the Gulf of Mexico consistently exceeds the fraction of US reserves found in the Gulf; this implies that Gulf reserves are being extracted more rapidly than are onshore reserves.
During this period, there was a clear migration towards deeper waters. As illustrated by Figure 3 , crude oil production from waters less than 600 feet in depth has fallen by about half over the past 20 years or so, with production from deeper waters rising steadily. This increase in production from deeper waters has been sufficient to outweigh the falloff in shallower water production, with the net effect that total production has remained roughly constant at about 40 million barrels per month-with the notable exceptions in August 2005, in the aftermath of Hurricane Rita, and in September 2008, following Hurricanes Gustav and Ike (Cruz and Krausmann, 2008; Kaiser and Yu, 2010) . One observes a similar pattern with Natural Gas production. As Figure 4 illustrates, production from shallow waters has been steadily declining for the past 20 years, while production from deeper waters increased by roughly a factor of three between 1995 and 2005; by 2010, production levels from the two depth cohorts were quite similar. Overall production levels for gas have generally declined over the period, again with significant temporary reductions in August 2005 and September 2008.
The initial preference for shallower deposits can be explained by cost differences: while production in shallower waters can be readily accomplished by structures that are fixed to the sea floor; production from platforms in deeper waters "quickly becomes uneconomic" (U.S. Minerals Management Service, 1997, p. 12) . However, technological gains lowered costs associated with production from deeper waters to the point that these deposits became economic to exploit over the ). These observations point to deep water resources as increasingly important. Exploration and production in the Gulf of Mexico was initially dominated by large oil companies, with the Seven Sisters' shares of 1996 oil production roughly 50% in shallow water and 80% in deep water. One might interpret this data as indicating there were barriers to participation in oil and gas production in the Gulf of Mexico, which could then have implications for the performance of industries related to support services (such as drilling, or labor markets). It could also have implications for bidding for leases, in particular one might worry that winning bids were distorted downwards.
However, the market shares of the oil majors had eroded markedly by 2014, as Figures 5 and 6 illustrate. Figure 5 shows the fraction of Gulf of Mexico crude oil output produced by firms in the Seven Sisters, in both deep water (production from depths greater than 600 feet) and shallow water (production from depths no greater than 600 feet).
6 Evidently, the share of oil production attributable to these large oil companies had declined to about 20% in shallow water and 55% in deep water by 2014. The story is quite similar for gas. The upshot is that over time, the significance of these major oil and gas companies has diminished in the Gulf of Mexico, consistent with the overall portrait of emerging competition.
An indication of these trends is conveyed by the number of active participants in various sectors of the Gulf of Mexico oil and gas industry, as Table 1 illustrates. Here, I list the average, standard deviation, minimum and maximum number of firms for leasing, drilling and production in the Gulf of Mexico. For each of the three categories, I list the period on which I base the sample statistics, along with the frequency of the observations. 7 For leasing, I split the observations between early data (taken from the Hendricks and Porter (1992) analysis of offshore leasing between 1947 and 1979, based on both state and federal leasing) and later observations (based on federal leases, taken from the Bureau of Ocean Energy Management, or BOEM). For drilling, I present information for all drilling as well as deep water drilling. For production, I split out observations for each of oil and gas production. In leasing after 1980, drilling as a whole, and both types of production, the 1954-1979 1980-2014 2007-2013 2009-2013 1996-2014 1996-2013 average number of firms is substantial-ranging from the mid-60s to over 100. On the other hand, the industry size for early leasing and for deep water drilling is much smaller, in the 20s. This sense is also conveyed by the minimum observations (12 for early leasing and 18 for deep water drilling, as compared to 30 for all leasing and values in the range of 60 for the other categories). And while the number of firms producing hydrocarbons in the Gulf of Mexico has tended to be substantial, there seems to have been some shake-out in the industry during the past few years. As Figure 7 illustrates, there were over 100 firms actively producing oil, and over 110 firms actively producing gas, in the Gulf of Mexico during the mid-1990s. By 2014 the number of active firms had fallen to roughly 70 for both oil and gas; much of this reduction occurred after 2010. Despite this dramatic recent reduction, market concentration levels in the Gulf have remained low, as I demonstrate in the next section.
TRENDS IN CONCENTRATION
The graphical impressions offered in the previous section point to concerns that operations in the Gulf of Mexico might have been dominated by a handful of large companies, particularly in
/ The Energy Journal
Copyright ᭧ 2015 by the IAEE. All rights reserved.
8. For discussion of this measure, see Carlton and Perloff (2008) . 9. The HHI reaches a maximum value of 1 for a monopoly, since a single firm controls 100 percent of the market. At the other extreme, the HHI can approach zero in a purely competitive market in which a large number of firms each control a small share of the market. For example, in a market with 100 identically sized firms, each firm's share is .01, and so the HHI is .
2 100(.01) = .01 10. This is consistent with the current U.S. Department of Justice and Federal Trade Commission Horizontal Merger Guidelines (U.S. Department of Justice and Federal Trade Commission, 2010) . By contrast, markets with a HHI above .25 are regarded as highly concentrated. The merger guidelines are calculated using basis points as opposed to market shares, e.g., a share of .1 corresponds to 10%, so its square is calculated as 100. In this way, the values constructed under the merger guidelines correspond to the HHI I calculate multiplied by 10,000 ( = 100 ). 11. Adelman (1972, pp. 81-82) uses this interpretation in his Table III-2 and the supporting discussion. 12. Data for individual leases are available at www.data.boem.gov/homepg/data_center/leasing/leaseOwner/master.asp for all leases from 1996 to the present. There was a moratorium on leasing in much of 2011 following the Deepwater Horizon oil spill, and so I combine the small lease sale in early 2011 with the 2012 lease sales that followed the rescinding of the moratorium. The BOEM website also includes information on earlier leases, though this information is less detailed. Nevertheless, it provides sufficient information to ascertain concentration levels between 1980 and 1996. Finally, data from the Hendricks and Porter (1992) analysis of offshore leasing between 1947 and 1979 is available at http://capcp.psu.edu/ data-and-software/outer-continental-shelf-ocs-auction-data; this data comprises all leases during this period, both federal the 1990s. The pronounced role associated with these firms hints at potential barriers to participation in oil and gas production in the Gulf of Mexico. Such barriers, if they were present, would significantly decrease the competitiveness of the market for leases, and increase the degree of concentration in the market for leases. But as I noted above, these patterns eroded over time.
In this section, I elaborate on these patterns, focusing specifically on measures of market concentration in the Gulf. I discuss concentration patterns in three key layers of the industry: leasing, drilling and production. One can think of these layers as summarizing the nature of competition in the process of delivering hydrocarbons from the Gulf, as they comprise the stages of acquiring extraction rights, developing those rights via exploration and development, and then finally extracting the resources located on the leased properties. As shown below, the data reflect an unconcentrated and competitive market in all three of these phases.
To determine the competitiveness of each stage in the market, I look to a standard measure of market concentration, the Herfindahl-Hirschman Index (HHI).
8 This index is calculated by summing the squares of firms' shares over all firms in an industry. Letting represent the share held s i by a firm i, the HHI is defined by:
This metric can be applied to any variable that describes an industry's structure. When market concentration is low, competition will tend to be vigorous; a market with a HHI of .15 or less can be described as unconcentrated.
10
An alternative way to interpret the HHI is by constructing the "industry equivalent", which is the number of firms in a hypothetical industry with the HHI in question, and where all firms are of identical size.
11 For example, an industry with a HHI of .15 has an industry equivalent of roughly 6, while an industry with a HHI of .25 has an industry equivalent of 4.
Leasing in the Gulf of Mexico
I start my inquiry by evaluating the total number of leases newly acquired, on an annual basis.
12 Available data allow identification of the number of leases acquired by each firm, as well
Figure 8: Concentration in Gulf of Mexico Leasing
and state. While the important leases were federal in more recent years, much of the leasing activity in the early years occurred in state waters; accordingly, I believe it is appropriate to include the state observations for this part of the analysis. 13. Because the Hendricks-Porter data does not identify the firms involved in the leases it is not possible to combine entities that are part of the same corporate structure, and so I do not report concentration statistics for years before 1980. The BOEM data does allow such combination, and so for the years from 1980 forward, I use the BOEM data.
14. These data are available from RigLogix (http://www.riglogix.com/).
as the distribution of ownership shares for these newly acquired leases, on an annual basis for 1980 to 2014. 13 Based on this information, I then determined the total number of leases acquired by any particular firm in a given year, allowing for fractional ownership. Summing over all firms then yields the number of leases awarded in that year; dividing the firm's total number of leases acquired by the total number awarded yields the firm's share, from which the HHI can be calculated using eq. (1) .
Following this approach, I calculated the HHI for newly acquired leases for each year from 1980 to 2014. These values are graphed in Figure 8 . While the market was a bit more concentrated in the 1980s, particularly in the period between 1986 and 1989, it generally has fallen into the unconcentrated range. In particular, the HHI has been roughly .05 during the past ten years; this corresponds to an industry equivalent size of around 20 in each year.
The implication of these data are clear: The market for leases in the Gulf of Mexico has been robustly competitive for at least 25 years, pointing to a lack of barriers to entry. There are plenty of bidders for every profitable lease, which in turn suggests there are likely to be many firms actively developing attractive resources.
Drilling in the Gulf of Mexico
To determine the level of concentration in the development of leases, I next turn to an analysis of concentration in drilling in the Gulf of Mexico. Here, I evaluate data showing the total number of days spent drilling for each firm operating in the Gulf, again on an annual basis.
14 The 15. As these firms generally contract out drilling operations, the shares can be interpreted as reflecting buyers' market power.
16. These data are available at http://www.data.boem.gov/homepg/pubinfo/repcat/product/Production-B.asp.
data includes information on the water depth of the drilling operation for some years, which allows me to contrast concentration in shallow and deep water. Using this information, I determined the number of drilling days in both shallow and deep water for each firm operating in the Gulf of Mexico in a given year, from which it is straightforward to calculate the firm's share in the drilling market.
15
I summarize the information regarding drilling in Table 2 . This table lists the total number of drilling days in waters less than 600 feet (column 2), waters deeper than 600 feet (column 3), and all waters (column 4); the available data allow determination of the first and last cohorts for each year from 2007 to 2013, while data for deep water is available for each year from 2009 to 2013. Overall, there is a clear movement away from shallower waters and into deeper waters, with the number of drilling days in shallow water falling by nearly 2/3 between 2007 and 2013. In contrast, with the exception of the period between 2009 and 2010, drilling days in deep water has grown every year. In particular, the number of drilling days in 2013 is more than double the number of drilling days in 2009; this run-up in deep water drilling was sufficient to more than offset the decline in shallow water drilling, so that total drilling increased slightly over the 7 year period. This migration into deep water underscores the emerging significance of deep water in the Gulf of Mexico; it also highlights the distinction between more recent observations and older observations, a point I return to below.
Concentration statistics for the three depth cohorts are presented in columns 5 through 7. The annual HHI statistics for drilling operations in less than 600 feet is listed in column 5, for waters deeper than 600 feet in column 6, and for all waters in column 7. The HHI statistics for drilling are all smaller than .15, generally by a fair degree. The overall conclusion to be drawn is that the market for drilling in the Gulf of Mexico has been, and continues to be, unconcentrated. This point corroborates the observation from the preceding sub-section.
Production in the Gulf of Mexico
One might well take the position that production is the most important sector in which to assess the degree of competitiveness in the Gulf of Mexico oil and gas industry. To evaluate concentration levels in this sector, I obtained data on oil production from the BOEM database.
16 This database lists each operator's monthly output from January 1996 to December 2013, which corre- Summing these values in any particular month gives the total industry oil production; then dividing an operator's production by the industry production gives that firm's share of production for that month. Using this information, I then calculated HHI values for each of the 216 months. Figure 9 shows these levels of concentration for both oil and gas production. I observe that concentration levels are generally low for both hydrocarbon resources. With the exception of a brief period in late 2002, and in the aftermath of the 2008 Hurricanes, the HHI for oil production never exceeds .15, while the HHI for gas never exceeds .1 (and is generally considerably smaller). After the impacts from the 2008 Hurricanes had passed, the HHI for oil has fallen steadily. Overall, I conclude that the concentration indices for both oil and gas have fallen mainly within the unconcentrated range; in recent years, comfortably so.
In light of the emerging focus on deeper waters, it is interesting to compare patterns of concentration between shallow and deep water. Sorting the data set described above by water depth of operation, I formed two subsets of the data: one for operations in waters of depth no greater than 600 feet, and one for deeper water. Then, I calculated values of the HHI for each hydrocarbon resource, for each of the water depth cohorts. The results from this analysis are depicted in Figure  10 for oil and in Figure 11 for gas.
I note first that concentration levels are generally greater in deep water than in shallow water, for both oil and gas production, particularly in earlier months. This fact underscores the point that deep water production was initially dominated by the large oil and gas companies, as I noted above. But here as well this historic domination has eroded. Indeed, there was little difference between concentration levels in shallow and deep water oil production throughout the last year of the sample-both were in the range of .11, corresponding to an industry equivalent of around 9 firms. Similar patterns emerge in a comparison of shallow and deep water gas production, although here shallow water concentration levels remain smaller than deep water concentration levels throughout the sample. Overall, the pattern displayed by this data is one of decreasing concentration, and increasing competition, over time. This pattern is particularly pronounced in the months following the major Hurricane events of 2008. Moreover, concentration levels were both markedly larger in deep water than in shallow water during the 1990s, and these larger levels were noticeably larger than the cutoff for an unconcentrated industry. But even here the early levels of concentration dissipated Hamilton (1994) for discussion. The likelihood ratio test evaluates the hypothesis that adding a lag is statistically unimportant; thus, the test statistic is based on a comparison of the log-likelihood value for a model with a particular number of lags and the log-likelihood value for a model with one fewer lags. over time, so that by the end of the sample period even deep water production was marked by relatively low levels of concentration.
TIME SERIES ANALYSIS OF CONCENTRATION IN PRODUCTION
While the pattern of falling concentration levels in oil and gas production echoes the patterns I observed in leasing and drilling, the production data are considerably richer. The greater number of observations, and the more granular nature of the data (monthly as opposed to annual), allows a more detailed empirical analysis. In particular, one can envision investigating the time series properties of this data, and the likely long-run levels of concentration consistent with that data. I undertake such an investigation in this section.
A simple way to summarize the time series properties of the concentration data is to view it as generated by an auto-regressive process, of the form
where is the level of concentration in period , represents the auto-regressive order of the time C s p s series ( i.e. , the number of lags in the process), and is an error term that is assumed to be u t identically and independently distributed with mean 0.
The first step in the analysis is to determine the appropriate number of lags. To this end, one evaluates a measure related to the time series; three statistics that are typically evaluated in this regard are the Akaikie Information Criterion, the Schwartz-Bayesian Information Criterion, and the likeihood ratio test.
17 Table 3 presents the results from this part of the analysis, for both oil and gas concentration statistics. The first column lists the number of lags, the second column shows the 18. If these three criterion agree on a particular structure, as with gas, that is the selected structure. For oil, two of the three criteria select three lags, and so I adopt that structure. To verify the appropriateness of the selected time series, I collected the residuals from each regression and checked for the presence of serial correlation using Durbin's test. Under the null hypothesis of white noise in the residuals, the resultant test statistic will be close to 2; this was true in each case: the test statistics for oil were 2.001 for all observations and 2.012 for deep water; the test statistics for gas were 2.075 for all observations and 2.059 for deep water. I conclude that all selected time series structures were appropriate. log-likelihood statistic, the third column presents the likelihood ratio test statistic, the fourth column lists the Akaikie Information Criterion, and the fifth column shows the Scwartz Bayesian Information Criterion. The optimal lag structure will maximize the evaluation criterion; alternatively, one can interpret the likelihood ratio test statistic as indicating whether adding an additional lag (corresponding to the number of lags indicated in the row) generates a statistically significant improvement. The optimal lag structure under each of the three metrics, taking all three criteria into account, is indicated by an asterisk. 18 The lag structure selected for the oil HHI is three lags, while the structure selected for the gas HHI is one lag.
Once the appropriate lag structure is determined, one can estimate the time series model in eq. (2). The results from such a procedure can be used to estimate the long-run level of concentration ; that is the level implied by setting for using the notation above, * * C C = C s= t, . . . t -p; s the long-run level is: Table 4 displays the estimation results for oil concentration statistics. In this table, the first column lists the parameters that were estimated; I also include the estimated long-run value of concentration. I list estimates for all water depths in columns 2 and 3, and for deep water only in columns 4 and 5. Estimates based on the entire time series are given in columns 2 and 4. To provide a sense as to the distinction between recent patterns and patterns implied by the longer time frame, I also present estimates based on observations for the period following the major Hurricane events in September 2008; these are listed in columns 3 and 5 (under the heading "'post-Ike"). I observe that the estimated long-run level of concentration for the full set of production sites is smaller than .15 for both the full sample of dates, and for the sub-sample following the Hurricane events; the estimated long-run concentration level based on observations following the Hurricane events is noticeably smaller than the estimate based on the full set of temporal observations. Moreover, for both time frames, the difference between .15 and the estimated long-run concentration level is statistically important. The industry equivalent size implied by the estimated long-run concentration level based on the full set of months is 8.1, while the industry equivalent size based on the more recent observations is 10.6. The estimated long-run concentration level for deep water production using the full list of dates is larger than .15 (though this difference is not statistically significant). This underscores the perception that production from deep water is more concentrated than in the Gulf as a whole. That said, the estimated long-run concentration level for deep water production based on observations following the Hurricane events is noticeably smaller than the estimate based on all months, though this estimate is not statistically different from .15. These estimated long-run concentration levels imply industry equivalent sizes of 5.3 (based on the full set of monthly observations) and 7.9 (based on the more recent observations alone). The impression based on these results is that concentration is falling over time, for deep water oil production and for Gulf of Mexico oil production as a whole, which echoes the pattern suggested by the visual presentation in Figures 9 and 10 . For all four columns, the sum of the coefficients on lagged concentration levels is around .95, with the coefficients on terms farther in the past significantly smaller. The implication is that shocks to concentration die off slowly, meaning that there are prolonged periods where concentration moves in the same direction. Such periods could reflect epochs where concentration steadily increases, as in with the first eight years or so of the sample period for all Gulf oil production, and other periods where concentration steadily falls, as with the last seven years of the sample period for all Gulf oil production, as well as most of the sample period for all deepwater oil production. Table 5 displays the estimation results for gas concentration statistics. Here again, the first column lists the parameters that were estimated, including the estimated long-run value of concentration; estimates for all water depths are listed in columns 2 and 3, while estimates for deep water only are given in columns 4 and 5. I show estimates based on the entire time series in columns 2 and 4; estimates based on observations for the period following the major Hurricane events in September 2008 are listed in columns 3 and 5. As with oil, the estimated long-run level of concentration for the full set of production sites is smaller than .15 for both the full sample of dates, and for the sub-sample following the Hurricane events, and the difference between .15 and the estimated long-run concentration level is statistically important in both samples. The industry equivalent size here is slightly less than 18 for both sets of temporal observations: 17.7 based on the full set of monthly observations and 17.9 based on the more recent observations. The results generally indicate smaller levels of concentration in gas production than in oil production, although the estimated long-run concentration level for deep water production using the full list of dates is similar to the corresponding estimated level of concentration for oil-with both being larger than .15-though here again the difference is not statistically significant. Also as with oil, the estimated long-run concentration level for deep water production based on observations following the Hurricane events is smaller than the estimate based on all months; for deep water gas, this estimated long-run level of concentration is statistically smaller than .15. Based on these estimates, the implied industry equivalent size for deep water gas production is 5.3 (based on the full set of monthly observations) and 8.1 (based on the more recent observations alone). Parallel to the results for oil, these results indicate that concentration in deep water Gulf of Mexico gas production is falling over time, corroborating the visual presentation in Figure 11 .
DISCUSSION
The results from the previous two sections point to a reduction in concentration over time in the Gulf of Mexico, suggesting relatively easy entry. To the extent this inference is valid, one would expect to see some turnover, particularly in leasing. This conjecture can be assessed using the two datasets I described in subsection 3.1 (the Hendricks-Porter dataset and the BOEM dataset). The Hendricks-Porter dataset provides information on the number of bids won, by firm, for 20 years between 1954 and 1979. This data set has information from 3 years in the 1950s (1954, 1955 and 1959), 7 years in the 1960s (1960, 1962, 1964, 1966, 1967, 1968 and 1969) and every year in the 1970s. Firms' names are not provided; instead firms are identified by a code number. The BOEM dataset provides information on the number of bids won, by firm, for every year between 1980 and 2014. Because there was a moratorium on leases for most of 2011 and early 2012, I combine these years in the following discussion. Firms are identified by a company code given by the former Minerals Management Service; a lookup utility at the BOEM website allows identification of the company associated with each code. As a result, it is possible to identify all codes corresponding to a particular company at any point in time; the results I discuss below aggregate information for each unique company. For some companies, multiple listings are given form virtually identical firm names (e.g., BP America and BP Exploration and Production); for others, mergers or acquisitions lead to a combination (e.g., Chevron and Texaco, or Exxon and Mobil). I use these two data sources to investigate the degree of turnover among top bidders over time. I offer two pieces of evidence. I first inquire as to the inertia from one lease year to the next among the top 10 bidders. To this end, I identified the top 10 bidders in each lease year, and then counted for each year the number of these top bidders that were in the top 10 for the preceding lease year. By "lease year" I mean the year corresponding to the observed lease sale. Because multiple firms can participate in a successful bid, I ascribe to each winning firm its share of the lease. So, for example, a firm that won 2 leases with 100% of the bid and 2 leases with one-third of the bid would be allocated 2.67 leases in my analysis. Figures 12 and 13 illustrate. Figure 12 shows the number of repeat top 10 bidders during the early years of the industry, between 1955 and 1979; here we see that in a typical year 6 or more firms were in the top 10 in consecutive lease years. Figure 13 shows the number of repeat top 10 bidders during more recent years, between 1981 and 2014; here we see that in a typical year 5 or fewer firms were in the top 10 in consecutive lease years. The general theme is that there has been more turnover in recent years. Indeed, with roughly half the firms falling from the top 10 between one year and the next, one senses there is a fair bit of turbulence at the top.
I also use the data on winning bids to assess the top 10 winners in each of the 7 decades (1950s, 1960s and 1970s for the Hendricks-Porter data, and 1980s, 1990s, 2000s and 2010s for the BOEM data). These results are summarized in Table 6 . I note first that a handful of firms are consistently in the top group of bidders: firms 1, 3, 5 and 30 in the Hendricks-Porter data; firms 78 (Chevron-Texaco), 267 (Exxon-Mobil) and 689 (Shell) in the BOEM data. But aside from these perennially important players, there is considerable fluctuation from one decade to the next. Indeed, the Hendricks and Porter data shows that 3 of the top 10 firms in the 1970s were previously not in the top 10-these are the bold-faced firms, 801, 24 and 271. From the BOEM data, one observes that 4 of the top 10 firms in the 2010s were not in the top 10 in the preceding 3 decades-these are the bold-faced firms 56 (ConocoPhillips), 2941 (Maersk), 105 (Apache) and 2481 (StatOil).
It is also interesting to consider the role of joint bidding in the evolution of the Gulf of Mexico oil and gas industry. In Figures 14 and 15 , I plot the fraction of winning bids that had multiple bidders (the solid lines in each diagram, measured against the left-most y-axis), along with the number of different firms that were involved in these bids (the line with dots in each diagram, measured against the right-most y-axis). Focusing first on the earlier data, one sees that joint bidding was not important among winning bids through the end of the 1960s, with joint bids representing only about 20% of winning bids. Joint bidding became much more important in the 1970s; by the end of the decade roughly 60% of winning bids were joint. At the same time, the number of different firms that won bids more than doubled. Joint bidding remained important for the first part of the 1980s, with joint bids continuing to represent roughly 60% of winning bids through 1983. After that, the fraction dropped back to around 20%, where it has remained. In contrast to the period prior to 1970, however, the number of different firms winning bids remained high.
The nature of joint bidding also seems to have undergone a subtle change between the period before 1970 and the following decade, as Table 7 illustrates. There, I list the pairs of firms While one might imagine a number of motivating factors driving the movement towards joint bidding in the 1970s, I believe two explanations are of particular significance. First, by participating in a joint bid firms can diversify their risk. As is true in many locations, exploration in the Gulf of Mexico was risky; indeed, the fraction of dry holes reported in the Hendricks-Porter data set is on the order of 55%. By entering into a joint bid, a firm can increase the number of draws in which it participates, thereby lowering the risk that it will come up completely empty. Second, by partnering with a more established firm, a smaller firm can acquire valuable information about the process of exploring and developing offshore prospects; this is an example of strategic learning (Pyka and Windrum, 2003; Walkup Jr., 2014) . One important aspect of such learning is that it facilitates participation by the junior partner in future Gulf of Mexico ventures. As such, the increased importance of joint bidding in the 1970s could explain the increase in the number of winning bidders in the period from 1980 through 2010, which laid the foundation for declining concentration levels in oil and gas production I observed in the previous section.
CONCLUSION
Overall, the picture painted by the results I have presented in this paper indicates low concentration levels in the Gulf of Mexico, for both oil and gas. Concentration levels are larger in deep water than for the Gulf as a whole, but these levels have been declining over time. The implied long-run levels of concentration are generally smaller than the cutoff level of .15, which places the levels in the "unconcentrated" category. These results cover a wide range of market conditions, including periods of recession, booms and busts in oil markets, technological innovation and big mergers. Finally, the evidence suggests concentration is falling over time, particularly in deep water oil and gas production. Taken as a whole, these results are indicative of a robustly competitive industry.
One possible explanation for this downward trend in concentration is the emerging role played by non-majors in the market for leases in the Gulf of Mexico. The participation by these smaller firms increased sharply in the period from 1980 to 2010, perhaps as a result of an increased tendency towards joint bidding during the 1970s.
My findings have clear implications. There are substantial volumes of hydrocarbons in the Gulf of Mexico, for which there are a steady ongoing stream of leases. The key message of this paper is that there is every reason to believe there will be strong competition for these leases, drilling that develops the leases, and production based on those acquired leases.
